Searching PAJ 



1/2 ^—V 



PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 

(43)Date of publication of application 



2002-110963 
12.04.2002 



(51)Int.CI. 




H01L 29/78 




r- - — - — - 

(21)Appiication number 


2000-297672 


(71)Applicant 


: TOSHIBA CORP 


(22)Date of filing : 


28.09.2000 


(72)Inventor : 


INABA SATOSHI 








pUCHI KAZUYA 



(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device that can be operated as a fully depleted element, 
corresponding to the scale down of the gate length and 
can reduce the heat built-up or substrate floating effect 
caused by Joule's heat. 

SOLUTION: This semiconductor device has a substrate 
projection section 1 1 A formed on a p-type 
semiconductor substrate 1 1 and having a p-type 
semiconductor layer, a gate electrode 14 formed on the 
semiconductor layer of the projecting section 1 1A via a 
gate insulating film 13, and second conductivity source 
regions 1 5 and drain regions 1 6 formed in the 
semiconductor layer of the projecting section 1 1A, so as 
to sandwich the gate electrode 14. This semiconductor 
device also has element isolation insulating films 12, 
formed on both sides of the projecting section 1 1 A on 
the surface of the substrate 1 1 and first conductivity 
impurity regions 1 7 formed in the substrate 1 1 under the 
element isolation insulating films 12 and projecting 
section 11 A. 
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sspi 1 A^iji^flcgrtirftjfife^Fttfcma^m^ov- 
1 t^-^irh. 
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mtR^seiioi'ptjK t=tm^±izf- hifi»K$^L-c 

mi . ma^dF^^StiffeSSKi:. 

Hfcm 1 smsrom i ^m^^mt. 
ttf=m 1 i»«i!(Dm 2 :i;i««9^ige^ $ a«i l. 

m^m 2 ] mi aiBM<o^«tt:s*R±izjKrt$*i. 
m 1 mmm<D^mt^mi^-ti>m&&^t . 

«$fi6*ttfcm2»mS<DV-X««&u: KU-f >fi« 

t. 

mi , mzm^^mmmmt. 

4xr=m 1 tss^ram 1 

4xy=m 1 ism^com z ^^m^itm^t. 

»jEm 1 . m 2 *^»»iieis)s©'>'5: < 1 1 L^r^^AMc 

t. 

^{*BJ: ''J7^1^i3i^X)<^L^m 1 «1i^a>m3:^M1^^ 
*JS2(cKKa)iti«{*ge<, 

■CL^*^gesp©^■^r4^;^Si:ltS■r■5:^l»]©fi*l*. 15 

©MIEf^ -V ^OUS i: itX-r -5:^ lR)OS J: y Sl^ C t $ 

m 1 «msro#««:g^wr-5?gieaj<t . 



mi . m2iK'7-^»i$giit6i^. 
Hfcrn 1 »msrom i ^mm^mt. 

titzS 1 ««S!a>m 2 ^ffi^s^ige^: . 

m 1 mmmo>^^mwm^m•ri>^mt. 

S4xf=mi«)y-hS«i:. 

ffJ8Eg6ie«Ba>S!rlE-:»(Dffllffil::*HR|-r*flk^<rHfflffi± 

i=. y-h^iStm^^ft-LTBfitBmiroy-hafttiBtHi 
^lemi. m2(7)>r-hmtt^Sit<fcaicHiris^fisi5o> 

**»:Brtl=»fiE$*ifcm23?ai!(DV-X««»i; K 

mi. mzm^i^tiitmmt. 
+vfcm 1 »ms<7>m i ^iSsei^i^JSi:. 
nf=m 1 issMom 2 ^mmfsmt. 
[i»*«7i B!iEmi<Dy-hmaii:^Em2©y- 

^ tf 5 li*^ 6 l::EK<0i|i«1*^S, 
[li^^S] mi#SM<Oitij)lt^S«Jil::)^fie$n. 

m 1 «s£(Dm 1 m 2 ^m^om 2 :i^$e«s 

^isS. 3it;mi »m^rom3:^|s61«!ifi«A<C«)«I-ettB 

fliFEy- h-mffi^Sft; J: 5 i-frffi3ifigp<om 3 Tmm^ 

mi , mzm^^m^mmt. 
tikm 1 i9as<Dm4 7tt#ifgj«^, 

tif.m 1 mmma>m 5 qF$e!|^^is<!: . 
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ti. i#a^<D*««:e^*-r*§^ieffl!t. 

i:. 

sgi . mzm^^istmmf&t. 

frism 2|g^»Stlf|iSi)|gT©li(r8S#s9«:aSrtl=JB«$ 

im^ts 1 2 ] mt&m 1 ^i^ti^is ^ m 2 ^^ei^^igc 

1 3 ] frssm k m 2 *^^Miite«tm(0'>'i 
a > ^ ^ h ^ $• $ e. i=*fii-r -5 c i i: -r -5 IS 

[0001] 



[0 0 0 2] 

m^HOtHm 3^7c«tj&a>M I SSSIft^Hlh 

(laTM I sFETiris-T) OT-ar% so 
I »«<D*jgsi' y 3 >B * swttJciHJ < « y aa u-c^ 

■ti>. double gateM Fully Depleted-SO I MOS F 
ET*«ti^$*tTL>-5 (D.HIsamoto et al.:IEDM 1998 
P. 1032. X. Huang et al. :IEDM 1999 P. 67. 1$BB72-263 
473#^«.!^^¥2-2768719-^'y>a) „ 

[0003] fFKMOSFETI*. SL^m3iEffia!)*^ll 
SU'EC**?,. «e3lEJ:yt,y-Hiw:^l6]lz**Lr«X'< 
-XT'&y. A^-^S5^r4'^;uS(lSt«I«^J^4^rJ3y, 

[0004] lai 3 (a) -01 3 (c) 1*. MaiLfc 
(itJfcOHrlBMOS FET©«|fifc$^-rU'fT't7 KE&i; 

mmmvs>^o M^m»m^^ o i ±\zit. i&mm^ o 2 
mmt^ti. *P)i-c<D$fejtKi o 2±iri±->y 3> f 

I nHl O 3*<JKfiK*+tr(,^-5, *>y3Vf i njgl o 
3±l-(i. le^^l O 4^:rt-L-CV— X 1 O 5, KU-f 

>i 0 6*<^E*lc-E■^^^*t^Kfi^*^^■cL^-5„ 

[0 0 0 5] Se>l:i, V— 1 O SJtl^KU'T^I O 6 

±ici*, V— X 1 o sau: KU"f > 1 o 6 ty— hStt 
1 0 7 t^m^»r^tztb<r)f&mm^ 0 8A<^KfiS^F4^rL^ 
•5, ^fc. V— X 1 o 5 Ku-r > 1 o emomt^mm 
151=1*, V— XI 0 5&o:KH'>i 0 6,ky— KB* 

1 0 7 t^mm■t^tz»b(r>^^s^m^ osammt^ttxi^ 

•5. -ttfeiffeitK 1 O QOTHlcli. y- hSS 

1 0 7At«Jfi!E*+iTl,^-5, 

[0 0 0 6] LA^L. C<DS^(0^^lrli. g!<l>EfSO 

t'o SO iSlia>aS(=jeB-ri>1ii@tia>%1b 

[0 0 0 7] 013 (a) ~iai 3 (c) |C* U 

fcso I fltJt^^-rilfe^irl^tt^Plift^fTdSl^l*. 

Ji«a)/<;^■:>Sts^fflL^-ct^^Jie•r♦#■5o /Ou-9»45^ 

*^«I«(DTSIJ * ««WI=K<b-r -5 C 1 1= J: ^ r L 
[0 0 0 8] 01 4tt^i£Lfc1*3l5(7)/'C;U^7»t5$ffll,> 

fcjfe^cD^ffiia-c&y. 01 5i*fflismqF-<DBfa0-e& 

*S9«:3II«1 1 1-hlcl*. 01 4ai/0l 5(=*-r 

j:-5ic. $fcgt^i 1 2A<^^Jfi£*ttrL^-^)o -roj&iitMi 

1 2±|cr*. V— XI 13. KU-f >1 1 4A<)K/ie* 
4x. V— X 1 1 3 i: KU-f > 1 1 4 tOfSKD^aHtim 1 

1 o±ic(*. y-nfg«tigi 1 5$:ft-LTy— ha«i 

1 6A<att:3EI|•r**7l-^^fi£^^^■CL^*, 
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[0 0 0 9] LA^u^cA<e>. n 1 4ai;Ei 1 5ic5t-ri^ 
mmti^mmz -s c -v^, BJSfSftK^bi- * a< 

«^tt«gl=IB»-r -set * *l4 , 

[0 0 10] MaiLfc2oco*^ic#ta-r-5A^ 

A^f,. KU-omaSl cl(-J:o-C5§*-r-5)va.— >H»lr 
SHLf=l§!!ftA<fiCoT (self-heating) , KU-Om 
SSI cl<DJ6<b^5l#fic-rc<t:/)<$Qf>tvri<^-5o LfcA< 
or. 01 3, fc4tM*Hl 42^1^01 5lZ7pLtzZ.H 

[0 0 1 1] S O I JR-T-UI*. #(Zn^-\'4^;Ua) 

[00 1 2] *fc, /^vu'i^xssffli.xr, H»ic3jte5£ 
fl|jt^}#/i1i-y-=M I S F E T i: Uri*. *Si^ilFm5844 
278^lCfiBt6^F*tfcM I S F E TA<fe-5„ CODM I S F 
ETIi, /\*;U^S«$36ettl=»lXLTS«3gie8P (pr 

ejection shape) ^J^fifeL, C<DStR3^SSBI-B!rai Lfc 

[0 0 13] 01 6itt/01 711, frlBM I S FETO 

siisxai: feMt bts 0 -e •§> . 

[00 14] 01 6lr5i-rj:3IC. #alH*»t51 2 1± 

i=i*?5fitt««i 2 1 AA<jgfig$tirfcy, ^rossfitt 

««1 2 1 AJilZliy— h«e«i9t 1 2 2*<P/5fc$^^Tt^ 

^et^^iti 2 1 Aoi^{aijim$&!^isi 2 3mm 

*tL-Cfcy, c<DJ6«iKl 2 3±lcli^;^^7*tl 2 4*< 
[0 0 15] HiTlSM I S F E T-eli, V— X • KU-O 

1 2 1 A(0lSflSI=Kiiffi(07i^«l«lige 12 5 
[0 0 16] SFt)lc. 01 7(r^-r<b^l-. MIES^fitt 

«jai 2 1 Ao±ffi»i;ffl!®rcjK«sti-6v— X • ku 

y. ±ai:ffli|ffii:A<-e*t-e*i(S<tA/ifail£Uf:M I S F 
E T i: L r ftft-r i. w i: * t L -C L^* , 
[0 0 17] fllEM I S FET-C-(±, SO I ffiifCIJ^J 
<. 3efi=l*«iiai 2 1 Ai:Ta5(»¥ie«:St51 2 1 

fg^ (self-heating) '^&iBim-&t(iimti&3Atixi>i:l^ 

[0 0 18] 



:gA<«»iffl1b$+L (W^l*0. 1 //mJUT) . 

S<bife^<!:Lraift*1*J;3<!:-r-5i:^lz(*, T^a-feX 
W(C01 6&1/01 7lc^-rj:3i&«Jg*Sia-r'&-i: 

[0 0 1 9] ^CT'COfEMfi, HiriE^Si-iBa^-C'SS 
;h.fct©-r?fey. -t^- hfi*<isi!»b$ttfcii^-i?%, ^ 

^s«-r * - <!: ^ a M t -r -5 . 

[00 2 0] 

mm^-ftLxj^f&tstitzV-hmmt. mnf-t-mm 

«tr<k5lzi|1Ha4i»ft:»«-hl=JK^*4xfc|gl , m2« 
i«£tE[>3l::]^^^4xf=m 1 «m^a>m l ^m^^i$iii. 

mum 2 if^'f^iii&t»iii{Ta>i}iriB¥iif«:s«ti^(=)^)£$ 

ttfcmi«mM©m2^*$i«!i^jgji:^*«iL, m^&m^ 

[002 1] ^tz. :loft^^z^^m^<o^^m»m& 

I*, mi3imM<04ijlltt:»te±lcJKfiESti, mi5i®M 

l^lcJ^JiE*4xfcm 2 aSS^ro V-;?>fiJgE&i; K U-O^ 
m2lft^»!5iifeiiMi, frlE^I^^^^Si 

9tt:s«i^i=)^fiK$*vt=% 1 mmmoim 2 7it««!ifii« 

t . fllEU 1 , m 2 3g^F»^8li^6i8lKa)'>^f < 1 1 ^^-rt^, 

[0 0 2 2] c©fswic«i.m3ro#ji«:asiB 
-hmmm^-fn,xmfS.tsHtzf—hmmt. fjiesse 



(5) 



^SH 2002-1 1 0963 



[0 0 2 31 C<DflMI=ffii.m4<D*ajtt:Slg 

itr8B3iSffi«>«fre-:«(Ofiii3(=»ip]-ri>«&^a>ffls 
±1-. hmmm'^■{tLxm^m^ <r)*f- hm^tmt 

<7>« 1 m2«SM(om2:^i«#i^)ge. &u: 

m 1 mmm(Dm 3 ^jsei^^h^a^ c (Dimx-mm tstixta^ 

jas^ifca i\ a 2 si^^>«ttt«ffli t . strEm 1 

a)m4^iK4^«ii$e^. «(rSBm2i^'7-5^»i$&iiiiSTo«irss 
^mw&^f^\zm!littltzm^mnma)9i5^m<lii^&^i 

[0 0 2 5] C<Df£M(C<j5^||6ro#^tt:^S 

±izv- hsteiitm*^L-cjKfiE$ttfcy- hmffi<t. fjr 

fflrsm2jt£'7'5)-)iiitt»stTa>inre^9i4:fi 
1 2 m^^m»»!R±izM'3 

[0 0 2 6] C(0«MI-fil4m7<35i|i#tt:!|ga 



mat. frKy-hatt$ttt;<fc5icfl!riBxe^«4r->-^ 

t^ S X e -SI + -> A" ^ -V :f-;Ug i: lS3?-r -5 ^ 

[O O 2 7] 

ai^sb* h^>v;<.^' (MisFET) {z-oi^xiae^r 

[0 0 2 8] cm 1 «)9itiE(0]i^SS] BI1I«. ^(OIIISCO 

■5. 

[0 0 2 9] 01l=*-rj:5l=. pMi^'Ja^^iSf^S 
«i ilcii. c:©S«7!)<^ei*lcttix^+ir'tf-53ltR3^ 
fiSBi 1 AA<^Kflg$*lrl,^•i>. S*RggfiSBi 1 Al**^ 
nrnxA'-J. ^a>£«^je^1 1 A0>Mffi[|cO4^tl»{«:fi«S 

1 Mtm^^t&^mx'&i,. za)m=f-»mmii<o^^» 
asi i±ici±, 1 zmmt^Hxi^ 

4, cc-ei±, •WxlifllESS^fiSB 1 1 Arom* (5^ 
•V'*.;Ufii:iS3E-r«»|6j<0»*l::ffla) 1*0. 1 ^/mS 

siiiTtjfcy, s«^iesBi 1 Aros«i ia>c,©s* 

l±0. 5flm~^. O^mfUSJaT-Cfc-S, 3S*5. C© 
S*l=OL^r(*> 1. 0^maSJaTI-K-5t)ltTI*'S 

[0 0 3 0] StE^figPI 1 A<Oia5«iJ®&T/Ji 

J:5l-^^$fiE*^^rt^•5„ -y-n^g^Mi 3(i, «i|jl(iSft 
K<b(= J: y J^fiR L fc > y =1 >»<bRA> & « . 

[003 1] »t5?geg|ji 1 A^a5fi8By-hiffiigis 
»«*e«iBii 2±«)-fiiJi=ty-ha«i AAmtAtti 

■Ct^■5o aifi^eegPI 1 A(7)l!®±©#8iI<t:lia)Bg«l® 

xaitkJll 5<!: KU-T^ffitjl® 1 6/)<}K)S$ti.-CUS„ 
w©v— XfittJtHi 5 2H^KU-r>tfi»Hl 6(D)^« 

I*, AomtAmiz. coy— hms/^^- 

T^t»<&m^ms^^ i Awsftiswic. -f:*->aAi= 

<kyy> (P) fc-5LMit^ (As) A<a9A*^xi>, 

[0 0 3 2] cc-ei*, Sts^sasi 1 Ao^ffig 
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[0 0 3 3] Bfriam^^^ntffisgE 1 2&u:s« 

^^)mmi*lt::^m^mii^ nt. ssssefiui i at 
[0 0 3 4] mtz. mum'i'^m^mm^ zizit. 

1±HirfiSJIB:^|i61*lfi«1 7 3C»<J^fie*tiTl^*fry>. 

[0 0 3 5] 01 {Z7Jk-r^(omm<om^(D^F^m#&m. 

mil^L fz'^^ma> so I Ste^ffll^/cM I S FET 

mmLtzt<Dxs>io y-hsai4(*. zov-hm 

^•-haai 4i:S«1 1 t<Dmtj:t^)nm^mr>x 
[0 0 3 6] ^fz^ z:(o^Fmw^mx\t. m^tm^cD 

PBia)«att$«Otr:A^ic. SF^M I S FETlCcfcoT^I 

S«1 4<i:TS|JSSl 1 i:COM>Ei:^ai»{rfct>T. 
»ffllffi«a)»±M I S FET3!l<Slttfflaiil^-C«IC>f:7 

Vtmztj:^^o\zr^:ztf}^i^-mx&^o 

[00 3 7] Lf-A<oT. CCTMi^*— 1 4iST 

s«i ^ ±izml^m^i^mmmm^ z^j^mLx. <f- 
ha«i 4<!:s«i 1 tomu^j&i^x. ms^Kizv- 

hmmmtLxm<mmm(Dmm'^i^<Lxi^^o en 

t>lCj:y. «^^Si^i«lrff^ia*4X'5>S*M I SFET 

a)L#t^fliaE*?l?*:>^c*5:r% s^m i s fet3()<« 

\Z:ty^B\zU^<^o\Z-r^o M?Lit. n^-V^-;UOM 

I s FET^ff^fS-r-s^^ii. m'^^mmmzitTfsu^ 

(B) 3!)<«A$ti. Mi^Lfccfedfc:?FS361$3^i|Sl 7 lip 

^m^mztj:^, 

[003 8] ZZX. ^bfcSffiSgfigPl 1 A(DJ1$ 



*nBtiz. Sffi^fiSBi ^ A^\zm&i*i^m^^S.m(D 
♦gwd^ysfc^rfcx i:. iftftB^izss^egp 1 i a* 

so I mTtmmo)Wiift:'r^^tizu^, zaym-^iz 

li. S«^eSUl 1 A*a)^««3SJS;!)<«<Tt. 
SSfiSUl 1 Aa)iHBS(7)y— hSai 4l::j:or^A'* 

mmt^i sFBTtitmLx. m^iz^^^^r^^ji^^mi 

[0039] so I*Ti:i^«<7)fBff$aFt±'5 

^(Dx. mmmzmm^mmz^^xmf&^*i^m\E:fj 

fPl<Da«;b<a«a)SF®ScOM I S F E T y < 3Ef 

y. mmmm(Dm»xm^^^^^''JT^mfkt<w■mm 

MI sFET-ei*. mcmi^mE.x^ f)^^mmts:f—h 
*iw(7>ii^r-t». wmmm^t]tKtLxmm3stmmti^^ 

[0 0 4 0] ^tz. S«3^^a5 1 1 A(7>J¥*A<»< ?So 
T<^<S:. *^^^«ffl«<D»«R 1 1fcSltlc-f:l->aA 
$ttfr:T^i(5E!fe!A<«l:^rS)(:iffitfcLT. aifi^eSU 1 1 ACD 

ia5fi!l(DTI««5«« 1 7?!»<Stt^fiffl1 1 A(DTa> 

i^mmmMmm^*i^^t\ztj:^, Ltzt^-ox. c 

S«SSjeffl1 1 A(DT»(ct,:T:«lSi$K-e>^'r 

[o o 4 1 ] *^fc(i. ^^^^^bMOSO I m'^t^ 
^(DmW^Lm<P,^ ^A':r-;ugB)!)<TSUS«1 1<b:S»e 

3J?Sr*^. i^3.-;uf^|z^HLfr^?^ (self-heating) 

[0 0 4 2] imzo>mm(oi^m'i -flawfc. so is 

«*fflt^fcM I S F E TCO«^, &Wi(D^m^»miT 

\ftsti^ihi^i^xm^^'^-)V(Dm^'S:f^^f& L cfc 5 <t -r -5 

^:^;^a]m^^ql*i■r*fcA^)lrli. c: officii 
[0 0 4 3] fitJROSO I SS^fflL^fc^^^^^bMO) 

sFffiSM I s FETcoa^fciA. "j^^r^^ji^^mmr^i^ 
'jz^:ym(Dmm^t%mzm<r^zt\z^i)^ 

;U— <7)ig±^jq]^Tt^'&o L)!)^L. h:^;t)<1 O O n 

[0044] cz-r?. 01 fc^L/i«fc5i=:. h^i/vx 
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[0 0 4 5] c(D«$. &Wi^i&s^0mmmm^mf&^ 
h^>vx^sp5j^fd:. so im^t^momit^iT 

ommmi't LrS^^:t>;ua«o«i®liciiM:RWWfi| 
Uliilc fd: o r l^ -5 C <t ;b<Wf«J !::«!) < b & -5 o 

[0 0 4 6] -e(;)-:&r% »te^fiSP<7)±®a5icff^jS* 

[0 0 4 7] ^Oi^mtLX. V— X - KU-OttaftlC 

> 5^ X ;u- c y W < >S o T L * 5 o 
[0 0 4 8] c(7)^j^$. »«a)^tt«&;'SS::^p:7T>r 

■r>S:*:>*>«t556fiSl5(7)a;$;{)<;g</c*:-i) 

[0 0 4 9] ^cr*. zomzommmmxit. z(d 
ate^e$pcDg±®cDSP^ (±®a5) (cm i s fetcd 

)Ut LXS,i:>Ul^J: o l^^-S C t f)m:*i^tj:^mx& 

[0 0 5 0] m^^&^(D±m^\z^'\'^^)\^tmfS,^ti 
en. Ei4t?i*y-haaA<«ttg^fi»o±ffiSP 

<t a ?S *^ I ^ 3 (:: L T 5^ ^ ti t ^ J; 5 ic 

L/rfflJ^:^-ro El 2. 0 3. &(/El4|CjF-r=»3t 



[005 1] iaTir.. 02. 03. &i;04iz^-r«* 
[0 0 5 2] 0 2(i. m2a>iit&a))v$sg<7)4^9ft:%e<D 

[0 0 5 3] S«g6fiffl1 1 AOJiSffl^^l::**. 0 2(C 
S) CD:i^sW1*i;5<K--e>^*ti/c^»fiia«i«2 1 A<J^fiE 

[0 0 5 4] z<o^5tj:m&(D^m»&m(Dm&:^^ 
a>ajbi«**»«:»«i i±ic/^4r-ii>y-ri»o c 

>y (JUT. R I E^IB^) (z^yi|i»«:S|5l 1 

ffli 1 A^mi&r^o 

[0 0 5 5] MiSaffi^eai 1 A^ff^jSLfr^. 
ggfiai 1 A(D±Sg|ll:i*fLr. -<:t>l±Alc<*:ySiI 

FETTM*. ?t^P> (B) ^AQiSmiEl 5 k e V. K— 
Xms X 1 O 1 3 cm-2fiJSJitJ:Tfff*^tt^o 
[0 0 5 6] JSt>T. j»K^b;£lr^y. SSS^^fiaJ 1 1 

A<x)f35fflysj^r/±s(::vu =i yMitmti^i^u^^-- hifc 

J^mi S^ff^iS^^o C(7)>f-h3|fe»Ml 3±|::. tKU 
S^U=i>JKSJt8IL. /^^-->^Lry-ha«l 4 

[0 0 5 7] y-h®ffi1 4T$^l»<S«^e 

gpi ^ Acommmp^iz^ -c:t>fix{z^ij^u^ 

[0 0 5 8] 0 3f*. mz(Dmm(Dmm(D^mm(D^^m 

[00 59] sffii^saj 1 1 A (D Ji® ir (i. m 3 icTF-r 
cfc^ic. *fejgtjS2 2*<fl^/«**tri>^o zcD^mmzz 

\zits SSSSfiSPi 1 A*}i$fifc^«g5icffiixfc^-v*v:^ 

[0 0 6 0] mt&mf&^mr^^mwsmxit. stss^ 
^eaii 1 Aa)±DiSi5^rfcl^T. t^- hm^i 4«tsffige 
espi 1 Arpia)$g»js/)<«<?&:y. nflKmosmffisi^ 

T- 5" A* ;u;!)<ff^/a 3f +t ^ c i: ?S I ^ o 
[006 1] ca)cfe5^*:«titO*»tt:3Sg<7)aiig:^;4 
I*. «^li;*Oc*:3(::tT3o ^"T. SS^SSPI 1 A* 
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[0 0 6 2] mi^x. mummmz 2^mm-^-r\z. m 

[0063] ^•-hmffii 4T$»<sis?^e 

[0 0 6 4] m^it. m2(Dmmmm<om(ot^mi^(D 
^^m»i^m<Dmf&^7r^-rmmmxibi>o 

[0 0 6 5] S«3geai ^ A(D±m±\z{t. 04|r^ 

-Tctdi::. f—hmmmm^tix^h^-T^ mm±<o^ 
*». ««3gfispi 1 A(Dias«J®±rcfi. c0S«ggeffl 

1 1 A^»^j^t;<fcdlC. 2-0(7)y— ha« 1 4 A. 1 
4BA<gBg^MlCff^/S^;h.Tfcy. Ctt^20(7)^*— 
h®ai4A. 1 4Bli5"-^:r-;Ug<S:itt3E-r^ltt«l±fC 

mtstixi^^tcisb. :»KT^ttf-2oco>f- hmai 4 

A. 1 4BlC^-ix^tv=I>^<7 h^lSlt^£*S/»<&^o 

-So 

[0 0 6 6] C(D<fcd^*:«it^}^o4^#i*SaT*li. 2 
-:3(7>>f- h®ai 4 A. 1 4Bici^i:/<>rT;^SEPtti-r 
h(D F E T^- Ki: Lrttffl-r-S - i:*<-e 

^-SL. *fr2 0(7)>f— hm«l1 4 A. 14B[r^+l-? 
[0 0 6 7] WTlfi. 20a>y— hSffil 4 A. 14B 

— hSai4A. i4Ba)5^. 1 oic^A'*;HliJco^ 

hFET^-K<h Lr«ffl-r'5c<t;t»<-C^^o EI2{C:^ 
*ax.^::^3b<-e#3Slx;&<. ® 4|c^-r*Stt:Sia(*/< 

[0 0 6 8] El4lr^f¥»«:Sa^tS»1iffll^T. 2 

o(Dy— hmffil 4 A. 1 4 BfcfBjc/NVrx^Hi^ia-r 

Sai4A. 14B(7)9*». 1 -OlC^-V^-^HHtOy*— h 

[0 0 6 9] m^izfjkrmj&^n-o^miiimm.cDm&yD 



[0 0 7 0] SSt^r. MlBv'J =i:^M^b^^Si)Bt-t^-r 

ic. Sft^^b2£icc^tj^ sis^esisi 1 Aommmziy*) 

=>>»1bK35»^P,3tc«>y-httaffii 3*fl^^-r-5o CCD 

[00 7 1] -^-CO^. CMPlr«^y»tRgefiSPl 1 AO) 
R I EfC^yMffiTKU v'J=i>fli^x^v5^>^^^o * 

atesefiffli 1 A(D±m±\z:^^r^i&mmi» 
^■r^o y-hs«i 4T*wt<»«s5fiffli 
1 A<7)My®i^ic. >(:t>^wzj:i'jyFm^ m^\t. 
p&'l)l^^iAs) ^^AL. V— xffitk® 1 5&i;ku 

-Offitfeei 6^Jf^iS-r^o coii^li. SOI 

<7>M I S FET$-ff^;S-ri>C<t3b<DjggT*fc'So 

[0 0 7 2] z^ihm2a>mmmm(D^mi^mmit. 

l>-r*lt S O I Kfi1&ffll^fr^*^^^bS<DM I S F E 
[0 0 7 3] ^fz. 1 A(7>±®aJIC^^:jv 

I ^ <h I ^ o /c ^<+T CD «^ ic (i ^ H ^ y p« - V *t 

[0 0 7 4] ftls^^asp 1 1 AOfliJSCD^-e 

(10 0) mx. [10 0] ^ipji^ 

xi^^zt A<+-\' U r^ftffi* < ir?>tzit>{z&.wx 

[0 0 7 5] [» 3 (DSIlfiCDf^ffi] 013.01 4|C^ 
L^-^^£*CD3;jJj7C«3i<DM I S FET-Cli. ^t^^^jb 

sso I*^^^^'r^fcA^lc^^;^;^gu^^^s^K^br 

«ffi<DV-X - KU-r>J£tkS3!><«£*M(D^SMM I S 
FET(cJt«-ri»^l^«lc»<3a:^. :i(Dfciib. v-x 

[0 0 7 6] ^zx^ z<Dm3<Dmt&<om^x\t. m 

5. me (a) -0 6 (d) iZTjkir^o^si'^^^^Ji^mi^ 
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[0 0 7 7] msit. m3(omm<om1&a>^^m{i^mm.(D 

m. me (c) l*ffiIE^ffi0lCfcIt4 6C-6C«lC;tt 

ofc^rffis. me (d) fiirriB^FffiEiizfcitse D-6 

omzjQ-otz^mmvSy^o 

[007 8] RlSme (a) -gl6 (d) (C^-f 

[0 0 7 9] ^r. mi^^m»misi(D^&mmz^t>i± 
^tms^t^yj\^<Dm^) o. is/im-o. 20/im 

[0 0 8 0] CCT*. &itSL^ 1^50 nm^ 1 O O n m 

[008 1] ^<7)». c<Dy-hattJ^^ffl"7X^rta> 

[0 0 8 2] ^ir. KriB^-haftJ^riEfflvx^tt- (v 

at5?^egP3 1 AcDiasffliJSrt (V— X • Ku-f >ff^fiK 

UYvffitSlli 6^j^ri^-r^o ztti:l^^ir. 

^1^OiSS7!)<ie^^Jjf^^fit^£*C0¥®^M I S FETCD 
Xelevated source/drain)lijt$'®ffi-^'S C <t lc 

[0 0 8 3] :i0mm(ommvit. ssg^eass 



ffitfem e^^mLtzt<. jfcs(cj6i:-cft«ssfisp3 i 

[0 0 8 4] im^com^mm] itri$L/rj:5ic. «s 
say- h*}$oso I m^j-tm^tmi^^^nvt^ i s f 

I E|cJ:-6J!inx>!»<«*Mlc3f«|c||L<**Ci:)!i<^fi 

[0 0 8 5] ^c-c. ^<7)m4(Diiiifi(Dfi^sir*i*. ®m 

--1. 0//mfIS) Jf^lSL. SO I *T<i:|5]^7Si«lft* 

tT-5 3;:fe7c^M I s FET^ti^-r^o m4 0iiiS(;)ff^ 

J«Lfc». *t>l^p+H. n-H. p-B<D]il-Cf«B* 

[0 0 8 6] Ei7i*. m^ommo^mo^^^mmo 

;u§P»^^t-t<7)T% v-x - Ku-r>ffitfcB;b<Ji^i?)c* 

[0 0 8 7] ^-r. «fi5S^gp4 1 A^mf&r^miz. 

i/'J=i>2^bK* MTX^irLT. R I Elc^y^3i(*S 

*5i ^ ^mmwz^ij^Lx. m^<Dmf0i^x?^&L 
mmjBt.if±m\z^ -r^t^i^e^— <;)®fflsisy*< 

1^. S»^xe^^v-V>UjS:^|Ccfcy P+B4 2. n-B 
43. &i;p-B4 4SlllJCj^fifcLrSffigl4gffl4 1 A 

[0 0 8 8] S»K^b;i(Ccfcy. SSggfiaj4i 

A (omm^Jkis±mz v y a >K^bm/)> f> ^ h $6 
Si^i s^mm-r^o -coy-hffi2g^mi 3 -tic. /Ky 
i^y3>ffi*«l«L. /^^-->^Lry-h««i 4 

[00 8 9] msit. m^o^mom^o^mmo^m 
wmmomm^&i^tfyiZTjki'mmmxib^o ^tcfc. as 

3^)<^^^fiK^tl'i)l5^a5lc-^l^r(±. me. meximti^ 
^"^izmmttji-oxi^^o 

[0 0 9 0] ^r. s«s6effl4 1 B*}^fiR-r«[6ic. 

K*>rx^i:Lr. R l Efz<*: y *»(*S« l l SSffl 

V *v ^ <o e ^ — * ff^ fifc -r * o 
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[00 9 1] mi^x. -f^:y^7<{z^^)mi'^mmm(o 
^mm^mxL. p+H4 2Sf^ja-r«o -tcDs. «^ 
[009 2] *f,fc. g«xe^i+i/A';ufiRfiirj:y. 

p+^42±ic. ca)p+B4 2^isy^< n 
-B4 3<l:p-jl (5^-^:^;uB) 4 4^«g*1±-So C 

[0 0 9 3] «raLfc0 8lC;^-r*3|?«:«a-e(*. *^ 

1 1 p +m^m'^mm i 7 (7)ff^i«*< 

T^-effiSfcL. toi:4,f^{iyi3fc^e^~(7)p+®4 2 

fii i(Dp+s:i^«!feifi«i 7irB{iSEpijn-r*i«. S 
«5^^gP4 1 B<Di^SPa>p+)l4 2\ztmiiL^wmr^ 
:itt<o!^tU^). C(D7^/\Vx*4Jg^*^<»:LTBi 

[0 0 9 4] m7^tzitms\z7^-rm^a>mt&(Dmm0> 

+H42i:p-)i44 a>:^lM«!l«JSa)BiS SM^b L X 

x^tiit. n-m^3\zmf&tsti^^^mx. ^^:t-;u^ 

fl^iS-rS P-B4 4 iiStSl 1 i:^a»M(c»Str*# 
C*i|::J:y. S O I S«$ffll^^cM I S F E T 

^^^^^b^^^ll^^-r^fci^icii. ^-v^^;uS (p- 

g4 4) coua^^aK-r^cct-e. ^±^^ib*^tf^ 

[00 9 5] ^^(C. «S35eg54 1 A. 4 1 BC;)^'^ 

mts<^m^^&^^ 1 A. 4 1 B^mmx^^^y^i^m 
:ztt<x^^o 

[0 0 9 6] ^fc. mi. gl8(r^LfcSB»l*y— hit 
T(D'^^^^)VSi<D^(D^:kmxS>^). V— X ■ KU«Y> 
Sp-eiiV-T.- KU^>ffiiig«t n-B4 3)!)<mML^i: 
i^^otj:m&iziri>:ztt<!Ss^mxS>^o «£or. v-x 

- Ku>r>«ai(*Ei5. me\z7jkLtzt(Dtw\m\zmvi 

KUYXelevated source/drain)1ltig. ^fcf*V— X 

- KU>r >lzhalo«jg (TK^^vhSit) ^fflL^^<i:<^:l^ 

[0 0 9 7] ^fz. :z(Dm^(ommmmx\t. n^-v 



(ommm^mizr^ztiz^i)^ p^^:^^^®^ash 

gffl^bf -5C<b(rJ:y. Bttfie^CMOS SOI*^ 

[0 0 9 8] imsommcommi frai ufc 3 ;*7c^m 

mji±<Dr^mf^^ ^ h fc tk u v u =i $ 

[0 0 9 9] mm^U7f.^)iyij^:y(ofgmmm.ititi^i£ 
i>2 o 0 nmsjs^-e-efcy. mm.?^&«^<D±mt^— 
hmm<o±m\zify8 o 0 nmommt^-oi^xL^oo m 

^It. 1 5 O nmx 1 5 O nmSSa)«ft$ffl>i=I>^^ h 
7t>-)\^imf&^i>tztb\z\t. fl^H5SS3b<*#l^fcA^). 1^ 

«(:::^#^d:rx^^ hit (-5. 3+mmm(0^) (D'rl 
i BXmf&Ltj:n^\ttjiP,fji<tj:iJ^ UV^^^^-f 

Ji-^R I E<z)iNFtt*^t>attr*tt:fc^8iLUo 
[0 10 0] »5<Dlllifia)}^ffi(*. maL/c3 

:^:^^7C^<7)M I S FET^Cfcl^r. H 9 Ir^-f ct 5 ^f^tr— 
[0 10 1] EI9(*. m 5 0|llifi(DJl^fi|(Z)4£»i*3£®CD 

[0 10 2] ^r. p^vu=3>4^®i*s«i 1 s^y 

^) ^itWL. y v^7:7^)i<tR I E^fflixr. 
V y a >s^bK ^ X »v ^ > ^ L r y- h mffifl^^ffl <D« 

[0 10 3] CdT?. 3tl^(Datel 1^50 nm- 1 O 
O nmSSK^b-T'Si:. l^^^t^'SLOCOS^^^i'BtT? 
ffl ^ ti «»<bK<D ^ |5]^)S:/ <— X e-<7 <D A o 
Jf^t^lc/jry. •^OM^bfli*S»^6<H:i»^^^Ci:|-J;o 
E)9l3:^-rci:5frv-X • KU^>$B(iJ¥<. ffitfe 

[0 10 4] ^(7)^. z(D^—Y^m^mmm^:^op^<D 

StRS^eSUS 1 A(7>iS5fliJ®2iZ/±®IC>f~ hSfe^M 1 3 
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3 >K £ C M P t? We-r ■& ^ t IC J; y y- K mti 5 4 ^ 
[0 105] C(D^olZLX. hmffiS 4-ea5-57H 

i:itt<X'^^ y— hmffi5 4±©=j>^i-> hasi: V 

[0 10 6] «^ ^MIIttlSK 1 2±l=«iffl)5:y-h/<5i 

->$}^BE-ri>ct(*. &m^f&^5 1 Ai:ieig^Ki 2 
jiory- hiia*isiici*x'<-xA<fc*(OT?it«wss 

[0107] g| 9 lc^-r#3l»:SEB(0«it&u:S«iS»* 

'y-h««5 4Jii:V-X- KU-r >t£»«1 5. 
fig.!:**, y-hma5 4(D^i«tat'-K'J->'J 

[0109] mio (a) ~m^ o (d) (imero^ts 

11 (a)~giii (c) lt1t^&^^m»ssa>m&y^^ 
[0110] *-r. 010 (a) iZTji-r^oiz^ ->'J3 

6 1 ±lc|ft«SIK6 2$}K«L, U V^^^7 

1 (a) lc5i-rj:5l-'EJ-S)o 

[0111] mi^r. gipgpe srtcov'j 

*<tLV 010 (b) |c5i-r*5lc. Jft«Bl6 2±l=:i- 
-/\'— y p— X ^F-yrX e'S' 6 4 ^ J^fig-r -So 

[0 112] Sbic. g v5^^7-f^&i;K^'rx>:/^ 
L^. 010 (c) {zm-t^^iz^ V— KU'f^, & 

t;^-v:i--^Ui:'S-5SlS55eSP6 4 A^JKBft-r-So CCOi: 
±SA^t>^^fcStR^ieSP6 4 AOT^psj^l^li, Ell 

1 (b) Iz5^-r*^l-, V-Xtfi»»»t; KU-f >t£ik 

[0 113] jfeic. 010 (d) ic*-rj:5i=. atsse 
r^o aiz. f-\-mm^e5±izf-i-'&mttji^ 



^n^mmL. u v^^T^-fjiat^K^-fx-v^v-yi; 

J:y/^^-->y$tftV y-Ka*i6 6^J^JiE-r-l>» 

fll6 6T*(»<»S35eg|J6 4AI-'J> (P) fcSt^(t 
(As) (OSAi&tftV V— XffiSkSe 7&i; KU 
-f >ffi»»6 8$JKfiK-r-5. -a>i:#<DSFffifl|jgl*, 0 

11 (c) J:^lc^fS, JaJiO.fe^'EfXiglcJ:^ 

[0 1 14] MSBSIiSxlilcJ:yS!ijS$tlfc01 Zizi^ 

S<t|ii!*tv-5)M I s FExrov— X • Ku-ogpro^iS 
izj^r^n&mmm^X'^^o ^©ibs. as^tsi^t 

fc, 5^A'*;USBI*StR6 1 3!l^t>R^:&LfcXt^^l^>>■\';^ 
B6 4l=J:oT^Kfi6^Ft^TL^*fc«), 5^-V*;U©/^-fT 
X^»«iilJ:y*i|ffll-r-5-i:A<-C?#-5. 05, 

meizTjk-rm^tmmiz. v-xtsstse 7^it;Ku^' 

>ffi»B 6 8 A<J^fiE*4x^StS?gfigP6 4 A0^-V^-;U 

[o 1 1 5] c<Diijfia)}K®(©¥3?<*sia-c-i±. 

[0 116] B5a>L/i«-|IJfi<DJKfi8t?l±, n^-v4'-iK» 
[0 117] 

(0 1 ] ^a>9e«a>SR 1 (7}|st&(0)^fiia>¥i9ft:S«a>flt 

[0 2] za>|EB^<7}|g2(0|lt&a>)^^(0i#9i^Sga(D« 
«*^-r^^fli0T?fe-5, 
[0 3] COfeB^(0^2Ollli&<7»^SgO|gSf«l|a!>#^«ft: 

sa(o«tj£$^-ri^^0-e fe'g o 
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[@4} za3n^<Dfsza>mm<oBSi<om<o^^mm(D¥^ 

[g| 5 ] C worn 3 <7>llil&(;»^^(0#9ft:^S(D« 
[06] (a) (ifISH^3<DllJ60ff$®«)*««:SBa) 

^aia-e&u. (b) itmiR^^mtt^mmoimsm. 

(c) l*SiIE¥ffiEI=j3«t-5 6C-6C|Slcjttof=Mfffi 
El. (d) l4fr8B¥S0l=fcl+*6D-6D«l=jeofc 

[0 7] C(7>fgQQ<om4<0||]i&(0)l$Sg(7>#l»f|:^«a>ffi 

[09] z:a>n^a>m5a>mt&<omteiom^mw^U(Dm 

[010] (a) ~ (d) It. z<D^^a>^6<omm0 

[01 1] (a) ~ (c) 1^, mameaimv&oimmoi 

#«tt:^SOS * ¥ffi0 -r? fc , 

[012] 1il^^&fse<Dmm<or^mo)^^m^^^sa>m^t: 

[013] (a) ~ (c) I*. tt3|E<D|g1ffl|(7)MOS F 

[01 4] «t3fca)/<;U<;*S*ffll,^fcMOS FETOj^ 

^0t:35-5„ 

[01 5] tirffiMos FETa>»T®0-efc-5„ 

[01 6] $t3|E(Dm2C9a>M I SFET<Dafi£$*-riS 
S0'CftS<> 

[017] «t3|5a)m3«l<DM I SFET«)«^$3i-rHr 

a0'c?&-&. 
[^#<osi^] 



I 1 "pMi/Ua^ttfi 

I I A-sts3geap 

1 2-i%$i@ 

1 3-y-H6«K 

1 4-'!f- hms 

1 4 A -y- hSffi 

1 4B- •y-hwa 



1 5 
1 6 
1 7 

1 8 

2 1 

2 2 

3 1 A 



4 1 A-StR^fiSS 
4 1 B-StR^iSSff 
4 2 - p+B 

4 3- -n-Ji 
44-p-g 

5 1 A-S«^fi6S 

5 4 -y-hma 

6 1 ■■•vUzi>#aitt:X« 
6 2-$&l»M 

6 3-BBPSB 
6 4— a:e^+v-\';u)i 
6 4 A-»SggegB 
6 5-y-Hte«M 

6 6-y-hWtt 

6 7-V— Xffitfeg 

6 8"Ku^'>a;tkH 
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